The aim of this investigation was to compare gender differences in physiologic and perceptual responses during a 1-h run at recent marathon pace and running economy at three speeds in recreational marathon runners. Methods: In a counterbalanced design, 10 men and 10 women completed a 1-h treadmill run and a running economy test. Treadmill speed for the 1-h run ranged from 141 to 241 m·min −1 and 134, 168, and 188 m·min −1 for running economy. Physiologic parameters (oxygen uptake, carbon dioxide production, pulmonary ventilation, and heart rate) and perceived exertion were measured. Repeated-measures ANOVA was used to compare any gender differences (P < .05) during the 1-h run and a two-way ANOVA was used to compare running economy. With this sample, estimated marathon energy expenditure, body composition, and maximal physiologic function was reported. 1 Results: With the exception of an allometric expression of VO 2 (mL·min −1 ·kg BW −0.75 ), similar gender physiologic and perceptual responses were found during the 1-h run. Although not significant, the females exercised at a higher percent VO 2max (8% to 9%) during the run. Similar gender differences were also noted during the running economy tests. Conclusions: Although the male runners completed a recent marathon significantly faster than the females, similar gender physiologic and perceptual responses were generally found during the 1-h treadmill run and the running economy tests.
to 200 km, and Astrand and Rodahl 4 noted that the gender difference for the world marathon record was about 12% in 1984, with faster times recorded in males. One factor that has narrowed the performance difference is a dramatic increase in female marathon running over the past 30 y. 5 Limited research has examined gender differences in physiologic function and perceptual effort during exercise in marathon runners. Our laboratory recently reported 1 on energy expenditure during marathon running and the influence of physiologic factors on marathon performance in male and female runners. Briefly, body composition differences were evident in the expected direction, with mass, stature, lean soft tissue, bone mineral content, and fat-free mass higher in males and fat mass higher in females. In addition, VO 2max was significantly higher in males and they expended significantly more energy (kcal) than females for a recent marathon. Finally, fat-free mass and fat mass were moderately related to marathon finishing time (rs −0.50 and 0.85, respectively), and marathon pace was moderately related (r = .74) to ventilatory threshold (mL·min −1 ·kg BW −1 ).
In earlier research, Wells et al 6 observed female marathon runners to perform at a higher percentage of VO 2max (82%) than their male counterparts (76%), even though VO 2max was similar between genders. Helgerud 7 observed lower running economy values in female compared with male marathoners, even though marathon performance was similar between genders. Running economy may be a factor that explains part of the gender difference in marathon performance. Helgerud 7 also suggested expressing VO 2 allometrically (mass −.75 ) since gender differences in mass are often evident. Several researchers have shown allometric scaling of mass and or stature reduces ratio bias (VO 2 per kg mass) when comparing groups different in mass or status. 8, 9 The purpose of the current study was to compare gender differences in physiologic and perceptual responses during a 1-h run at marathon pace and running economy.
Methods

Subjects
Twenty marathon runners (10 men, 10 women) participated. Males averaged 41.0 ± 11.3 and females 42.7 ± 11.7 y. The study was approved by the university institutional review board for the use of human subjects. All subjects read and approved consent before participation.
Methodology
A more detailed description of the methods can be found in a recent publication. 1 Testing included body composition (dual energy x-ray absorptiometry, Lunar/GE DPX-NT, Software version 6.8), VO 2max , running economy, and a 1-h treadmill run at recent marathon pace. A Parvomedics TrueOne 2400 or Sensormedics (Model 2900c) metabolic cart was used to measure oxygen uptake, carbon dioxide production, and pulmonary ventilation. Calibration was performed before each test. Accuracy of the systems included O 2 and CO 2 ± 0.1%, pulmonary ventilation + 2%. In earlier work, our laboratory has reported test-retest correlation coefficients of ≥0.97 for VO 2max during treadmill running. 10 Heart rate was measured by a Polar heart watch (Polar Electro, Kempele, Finland) and ratings of perceived exertion (RPE) 11 using the 15-point scale.
Three testing sessions were included, with the first day dedicated to body composition assessment and VO 2max testing. 1 On the second or third testing session day, the participant completed either a 1-h run at recent marathon pace or a running economy test or with testing order counterbalanced. In regard to the 1-h run test, the participants warmed-up on the treadmill at 80.4 m·min −1 for 2 min before the beginning of the test. Participants then ran at speeds ranging from 145 to 241 m·min −1 (average of 182 m·min −1 ), based on their most recent marathon run pace. Data were recorded at intervals over the 60-min run. Oxygen uptake was expressed relative to mass, fat-free mass, and allometrically (mass −0.75 ).
The running economy test was completed at the following speeds: 134, 168, and 188 m/min). The participants ran at each speed for 5 min with a continuous protocol employed. Data from minute 5 of each running speed was used for analysis. A derived variable (predicted velocity at VO 2max or vVO 2max ) was also examined. This variable included VO 2 (mL·min −1 ·kg BW −1 ) during the running economy tests and VO 2max (mL·min −1 ·kg BW −1 ) as independent variables, with vVO 2 max predicted from the association of VO 2 and treadmill speed. 12, 13 
Statistical Analyses
Statistical analysis included a repeated-measures ANOVA (gender  time) to examine the 1-h run at recent marathon pace. A two-way ANOVA (gender  speed) was employed to examine the running economy data. Statistical significance was set at the 0.05 level.
Results
Maximal physiologic data, body composition, and estimated energy expenditure to complete a standard marathon (42.2 km) in 10 male and 10 female runners have been previously reported. 1 In the current study, the running economy results and a gender comparison profile of the 1-h treadmill run at recent marathon pace are reported. The males averaged (mean ± standard deviation) 41.0 ± 11.3 y, 72.4 ± 6.0 kg mass, 1.73 ± 0.1 m height, 15.5% ± 6.5 fat, 60.8 ± 2.1 kg fat-free mass, 52.6 ± 5.5 mL·min −1 ·kg BW −1 VO 2max and a ventilatory threshold of 76.2 ± 6.1% of VO 2max . The females averaged 42.7 ± 11.7 y, 60.8 ± 5.7 kg mass, 1.62 ± 0.1 m height, 24.9 ± 5.5% fat, 45.5 ± 3.5 kg fat-free mass, 41.9 ± 6.6 mL·min −1 ·kg BW −1 VO 2max , and a ventilatory threshold of 75.1 ± 5.1%. Statistically significant gender differences (P < .05) were noted for all of the variables with the exception of age. Table 1 shows a physiologic and perceptual profile in the male and female marathon runners over the 1-h treadmill run. The only gender difference was noted in VO 2 expressed allometrically to mass −0.75 . The males averaged 67.7% of VO 2max over the 1-h run whereas the females averaged 76.3% (P > .05), even though the male runners were running at a significantly faster ( P < .05) pace (males 194 ± 27.3; females 169 ± 21.2 m/min). However, expressing VO 2 Figure 1 shows a scatter plot of marathon completion time (min) and the average VO 2 (mL·min −1 ·kg BW −1 ) for each runner during the 1-h run at marathon pace. As expected, the strong correlation (r = −0.86) indicates that the faster runners ran at a higher VO 2 (mL·min −1 ·kg BW −1 ). When ventilatory threshold, expressed as VO 2 (mL·min −1 ·kg BW −1 ) units, was held constant, the correlation was reduced to r = −0.70. Table 2 indicates the running economy responses at three treadmill speeds ranging from 134 to 188 m·min −1 . As expected, as treadmill speed increased, significant differences (P < .05) were noted for the variables listed with the exception of RER similar for 134 and 168 m·min −1 . In addition, no gender differences were observed in the variables examined, and correlations for running economy at 168 and 188 m · min −1 and marathon run time were quite low (r = −11, both speeds). Finally, the predicted velocity (m·min −1 ) at VO 2max (vVO 2max ) was also similar between groups (males 304.5 ± 47.6, females 269.1 ± 70.5). Values are means ± standard deviations. Superscripts denote significant difference between treadmill speeds for both genders (P < .05).
No gender differences were noted across speeds.
Discussion
The purpose of the current study was twofold: examine gender differences during a 1-h treadmill run at recent marathon pace and gender differences during a running economy test at three running speeds. Submaximal VO 2 (mL·min −1 ·kg BW −1 ) was similar between groups (Table 1 ) and the males exhibited a significantly higher VO 2max than the females. 1 Consequently, because the VO 2 (mL·min −1 ·kg BW −1 ) at marathon pace was similar, the male's %VO 2max was lower, given their higher VO 2max . In addition, the higher %VO 2max in the female runners may partially have been due to their significantly lower lean soft tissue (males, 57.5 ± 2 kg, females, 42.9 ± 3.2 kg). To maintain a VO 2 similar to that of the males, the females had to work at a higher intensity because a 25% difference was evident in lean soft tissue. Legaz-Arrese et al 14 suggested that poorer running performance was indicated by higher heart rates during submaximal running at similar exercise intensities, thus suggesting a higher anaerobic contribution to the work. Our data (Table 1) show similar heart rates and respiratory exchange ratio values across gender at marathon pace, even though the males were running at a faster pace.
Consequently, it appears the females run economy was not worse than the males. In earlier work, Wells et al 6 found female runners (VO 2max 59.2 mL·min −1 ·kg BW −1 ) to run at a higher laboratory determined %VO 2max (81.9%) than males (75.8%) with a similar VO 2max . Costill and Fox 15 observed a group of well-trained male runners (VO 2max 71.4 mL·min −1 ·kg BW −1 ) to average about 75% of VO 2 for their best marathon performance. In our earlier paper, 1 we observed the laboratory simulated marathon pace VO 2 (33.6 mL·min −1 ·kg BW −1 ) similar to the ventilatory threshold VO 2 (36.4 mL·min −1 ·kg BW −1 ) (r = .74). Consequently, these recreational marathoners who completed the marathon in 2 h:54 min to 5 h:10 min ran at or near their ventilatory threshold. Moreover, the relationship between marathon time (min) and average VO 2 during the 1-h run was reduced from r = −0.86 to r = −0.70 when the ventilatory threshold was held constant via partial correlation. These results further indicate the importance of the ventilatory threshold in marathon run performance.
Significant differences were found when VO 2 was expressed allometrically during the 1-h treadmill run at marathon pace. The differences noted were probably due to the significantly lower mass in the female runners. Helgerud 7 and other investigators 8, 9 have observed that expressing VO 2 allometrically led to different results than expressing VO 2 as a simple ratio to mass. In general, allometric scaling purports to adjust any bias associated with expressing VO 2 as a simple ratio to mass.
Similar RPE and heart rate values were reported by the males and females during the 1-h treadmill run. Moreover, a significant linear increase (P < .05) was noted for both variables as heart rate rose by about 11 bpm and RPE by 2.5 units. Concomitantly, a significant linear decrease was noted in RER over the 1-h run. The laboratory temperature was kept constant at about 21°C; however, a fan for cooling was not provided. Consequently, the trend increase in RPE and heart rate may have partially been due to an increase in body temperature.
Kravitz and coworkers 16 reported no gender differences in RPE during treadmill running at a self-selected pace in apparently healthy adults recruited from health clubs. Moreover, Robertson et al 17 noted similar gender RPE at relative exercise intensity; however, significant differences were noted at absolute intensity (VO 2 ). The current RPE results generally support the referenced work. 16, 17 As indicated in Table 2 , no gender differences were evident for running economy over three different speeds. As expected, however, as treadmill speed increased, the physiologic and perceptual values significantly changed. Helgerud 7 found males to exhibit higher energy costs at running speeds that ranged from 160 to 280 m/min. In earlier work, 10 we observed higher energy cost values (VO 2 mL·min −1 ·kg BW −1 ) values in female cross-country runners at a treadmill speed of 214 m/min. The disparity among the three studies may be due to several factors including VO 2max . In the Helgerud 7 study, VO 2max (mL·min −1 ·kg BW −1 ) was similar between genders (70.7 mL·min −1 ·kg BW −1 males and 66.1 females), whereas in our earlier study 10 and the current study, VO 2max was significantly higher in the males. Moreover, the female cross-country runner's energy cost increased by 5% postseason as compared with preseason. 10 Further, training data revealed that the women increased running volume by 130% (37 to 85 km/wk from preseason (mid-July) to midseason (early October), whereas the males increased volume by 50%. Consequently, fatigue may have played a role in the worsening running economy postseason.
As noted in the results, the association of running economy (VO 2 mL·min −1 ·kg BW −1 ) and marathon run time was quite low (r = −0.11). Thus, in addition to observing similar gender physiologic and perceptual responses during the running economy tests, VO 2 at either 168 or 188 m·min −1 accounted for only 1% (r 2  100) of the marathon finishing time.
In the current study, training volume was similar by gender (63.5 km/wk males and 55.0 km/wk females). 1 Foster and Lucia 18 recently noted running economy may improve with high-intensity training supplemented to baseline volume. Billat et al 19 found top-notch male marathon runners to have poorer running economy per kilometer than high-level male marathon runners. No differences were noted in the female runners. Due to the elite level of these runners, the sample size was quite small (five runners per group). Morgan and Craib 20 noted in an earlier review that the literature is mixed in regard to gender differences in running economy. Some research has supported similar gender values while other research has shown males more economical. It is often difficult to gender-match factors such as VO 2max , training volume, and run performance.
Velocity at VO 2max was similar by gender. In earlier work we reported significantly higher values in male as compared with female cross-country runners. 17 Daniels and Daniels 21 found significantly higher vVO 2max values in elite male when compared with elite female runners. The male runners also ran more economically (6% to 7%) and exhibited a higher VO 2max than the female runners. The combination of lower running economy and higher VO 2max values most probably led to the higher vVO 2max values in the previous research. 10, 21 As noted earlier in the current study, similar running economy values were found by gender.
Practical Applications
As a group, these recreational marathon runners tend to run at similar VO 2 (mL·min −1 ·kg BW −1 ) values regardless of gender. However, their individual marathon paced VO 2 values varied widely from about 24 to 44 mL·min −1 ·kg BW −1 .
These values were similar to each runner's ventilatory threshold. Consequently, training should be adequate to increase the ventilatory threshold and VO 2max , thus augmenting marathon finishing time.
